Introduction {#Sec1}
============

Pelvic fractures are frequently the result of high-energy blunt trauma and are associated with significant morbidity and mortality, most commonly due to hemorrhage \[[@CR1]\]. Therefore, according to Advanced Trauma Life Support (ATLS^®^) guidelines, screening series of radiographs performed in all trauma patients must include a pelvic X-ray, in order to timely identify patients at risk of hemorrhage \[[@CR2]\]. Radiographs are associated, however, with additional costs and harmful radiation. Also, in a busy emergency department with limited personnel or other resources, valuable time is invested in obtaining radiographs. Although the radiograph itself only takes seconds, the positioning of a film under the patient and interruption of the team during the primary survey make it a procedure that takes at least more than several minutes. Moreover, clinical examination of the pelvis is routinely performed in the work-up of trauma patients. Clinical examination consists of the establishment of pelvic stability. Manual compression of the iliac crests is performed to assess abnormal movement or bony pain. If the pelvis seems to be stable, cautious manual distraction of the iliac crests is performed, also evaluating for abnormal movement or bony pain. It takes very little time and, especially in alert patients, might suffice to detect pelvic fractures. If, based on both clinical examination and a pelvic X-ray, a pelvic fracture is suspected, almost always a computed tomography (CT) scan will follow to confirm the fracture and investigate its precise location and configuration.

If clinical examination alone would be sufficiently accurate for diagnosing pelvic fractures, this would reduce pelvic X-ray-associated radiation exposure, cut down costs for resource use, but, most importantly, save valuable time in the work-up after blunt trauma. It may also influence the availability of resources in the emergency department. For this report, the literature was systematically reviewed to investigate whether a pelvic radiograph has additional value compared to clinical examination alone in diagnosing pelvic fractures in alert \[Glasgow Coma Scale (GCS) ≥ 13\] patients after blunt trauma.

Materials and methods {#Sec2}
=====================

Search strategy and selection {#Sec3}
-----------------------------

On 12 May 2010, a search was performed in MEDLINE and EMBASE for studies which included (synonyms of) the determinants, clinical examination and pelvic X-ray, and outcome of pelvic fracture (Table [1](#Tab1){ref-type="table"}). A comprehensive search strategy was performed to retrieve relevant records. The inclusion and exclusion criteria were defined before the search was conducted: studies not comparing clinical examination to pelvic X-ray or not using CT as the external diagnostic criterion were excluded. The title and abstract of each record retrieved was independently screened by two authors. Inclusion of records was based on the full consensus of the two authors. Initial disagreement was resolved during discussion, but when doubt remained, the full-text publication was obtained and a third author decided.Table 1Search strategy and termsDatabaseSearchHitsEMBASE 12-5-2010(Fracture:ti,ab OR fractures:ti,ab OR fractured:ti,ab OR disruption:ti,ab OR disruptions:ti,ab OR dysruption:ti,ab OR dysruptions:ti,ab OR displacement:ti,ab OR displacements:ti,ab OR injury:ti,ab OR injuries:ti,ab OR trauma:ti,ab OR traumas:ti,ab OR rupture:ti,ab OR ruptures:ti,ab) AND (pelvis:ti,ab OR pelvic:ti,ab OR 'open book':ti,ab OR 'vertical shear':ti,ab) AND (clinical:ti,ab OR physical:ti,ab OR pelvis:ti,ab OR pelvic:ti,ab) AND (examination:ti,ab OR examinations:ti,ab OR sign:ti,ab OR signs:ti,ab OR impression:ti,ab OR impressions:ti,ab OR finding:ti,ab OR findings:ti,ab OR examined:ti,ab OR assessment:ti,ab OR assessments:ti,ab OR presentation:ti,ab OR presentations:ti,ab OR test:ti,ab OR tests:ti,ab OR testing:ti,ab) AND ('x ray':ti,ab OR 'x rays':ti,ab OR 'plain film' :ti,ab OR 'plain films':ti,ab OR roentgenogram:ti,ab OR roentgenograms:ti,ab OR imaging:ti,ab OR radiologic:ti,ab OR radiological:ti,ab OR radiologically:ti,ab OR radiograph:ti,ab OR radiographs:ti,ab OR radiography:ti,ab OR radiographic:ti,ab OR radiographics:ti,ab OR radiographically:ti,ab)1,310MEDLINE 12-5-2010(Fracture\[TIAB\] OR fractures\[TIAB\] OR fractured\[TIAB\] OR disruption\[TIAB\] OR disruptions\[TIAB\] OR dysruption\[TIAB\] OR dysruptions\[TIAB\] OR displacement\[TIAB\] OR displacements\[TIAB\] OR injury\[TIAB\] OR injuries\[TIAB\] OR trauma\[TIAB\] OR traumas\[TIAB\] OR rupture\[TIAB\] OR ruptures\[TIAB\]) AND (pelvis\[TIAB\] OR pelvic\[TIAB\] OR open book\[TIAB\] OR vertical shear\[TIAB\]) AND (clinical \[TIAB\] OR physical\[TIAB\] OR pelvis\[TIAB\] OR pelvic\[TIAB\]) AND (examination\[TIAB\] OR examinations\[TIAB\] OR sign\[TIAB\] OR signs\[TIAB\] OR impression\[TIAB\] OR impressions\[TIAB\] OR finding\[TIAB\] OR findings\[TIAB\] OR examined\[TIAB\] OR assessment\[TIAB\] OR assessments\[TIAB\] OR presentation \[TIAB\] OR presentations\[TIAB\] OR test\[TIAB\] OR tests\[TIAB\] OR testing\[TIAB\]) AND (x ray\[TIAB\] OR x rays\[TIAB\] OR plain film \[TIAB\] OR plain films\[TIAB\] OR roentgenogram\[TIAB\] OR roentgenograms\[TIAB\] OR imaging\[TIAB\] OR radiologic\[TIAB\] OR radiological \[TIAB\] OR radiologically\[TIAB\] OR radiograph \[TIAB\] OR radiographs\[TIAB\] OR radiography \[TIAB\] OR radiographic\[TIAB\] OR radiographics \[TIAB\] OR radiographically\[TIAB\])1,108

Critical appraisal {#Sec4}
------------------

All selected papers were independently critically appraised by two authors for their relevance and quality of methods. The appraisal criteria used are shown in Table [2](#Tab2){ref-type="table"}.Table 2Critical appraisalStudy (number of patients)RelevanceQuality of methodsDomainDeterminantOutcomeBlindingStandardization assessmentsDuane et al. 2008 (*n* = 1,388)ο••οοGonzalez et al. 2002 (*n* = 2,167)ο•ο••• Adequateο Inadequate, doubtfulRelevance appraisal criteria:*Domain:*• Adults and Glasgow Coma Scale (GCS) ≥ 13ο Adults or GCS ≥ 13*Determinant:*• Both clinical examination and pelvic X-ray are performed in all patientsο Clinical examination and pelvic X-ray are not performed in all patients*Outcome:*• Pelvic fracture confirmed by CT in all patientsο Pelvic fracture confirmed by CT in not all patientsQuality of methods appraisal criteria:*Standardization of assessments:*• All examinations were performed according to a pre-specified protocolο Not all examinations were performed according to a pre-specified protocol*Blinding:*• Clinical examination, pelvic X-ray, and CT were independently reviewedο Clinical examination, pelvic X-ray, and CT were not independently reviewed

Appraisal results are based on the full consensus of two authors. Initial appraisal disagreement was resolved during discussion, but when doubt remained, a third author decided.

Data analysis {#Sec5}
-------------

To compare the results of the selected studies, positive predictive values (PPV), negative predictive values (NPV), positive likelihood ratios (PLR), and negative likelihood ratios (NLR) were (re-)calculated. Positive and negative predictive values describe the percentage of correct prediction in cases with a positive or negative result, respectively. In this study, this describes the presence or absence of pelvic fractures in case of a positive or negative clinical examination. The likelihood ratio describes how much the odds of a pelvic fracture increase when the clinical examination is positive or decrease when the clinical examination is negative.

Results {#Sec6}
=======

The search resulted in 1,316 unique records. After appraisal for relevance, only two investigations remained for critical appraisal for the quality of the methods used.

Duane et al. \[[@CR3]\] prospectively compared clinical examination to plain radiographs, and both modalities to CT scanning in patients older than 16 years with blunt trauma. In total, 1,388 patients were included. The results of a separate analysis for the diagnostic accuracy of clinical examination was performed for the 1,059 patients presenting with a GCS \> 13. A total of 168 pelvic fractures were identified by CT, of which 101 were present in the cohort of patients with a GCS \> 13, corresponding with a pre-test probability of 0.12 \[95% confidence interval (CI) 0.10--0.14\] for the total cohort and 0.10 (95% CI 0.08--0.12) for those with GCS \> 13. In the cohort of patients with a GCS \> 13, clinical examination was associated with a PPV of 0.18 (95% CI 0.16--0.23) and an NPV of 0.99 (95% CI 0.98--1.0). The likelihood ratio for the positive clinical examination was 1.94 and for the negative examination, this was 0.07. For pelvic X-ray, a PPV and NPV of, respectively, 0.98 (95% CI 0.93--0.99) and 0.97 (95% CI 0.96--0.98) was reported for the total cohort; a separate analysis for those with a GCS \> 13 was not reported. The likelihood ratio for the positive and negative pelvic X-ray were 322 (95% CI 104--999) and 0.21 (95% CI 0.15--0.28), respectively. All fractures identified by pelvic X-ray were identified by clinical examination as well (sensitivity 100%). Because of the lack of a separate analysis for pelvic X-ray in patients with GCS \> 13, it was not possible to calculate the added value of pelvic X-ray compared to clinical examination solely in this report.

Gonzalez et al. \[[@CR4]\] evaluated 2,176 consecutive patients with a GCS \> 13 after a blunt trauma. Clinical examination and pelvic radiographs were performed in all patients, followed by CT if either clinical examination (255 patients) or pelvic radiograph (77 patients) was positive, or if during admission or after discharge symptoms of pelvic fractures appeared (no patients). Although not all of the test characteristics were presented, it was possible to calculate missing data from the text. Ninety-seven pelvic fractures were identified by CT (pre-test probability 0.05, 95% CI 0.04--0.05). Their results demonstrated a PPV of 0.35 (95% CI 0.30--0.42) and an NPV of 1.0 (95% CI 0.99--1.0) for clinical examination, while the likelihood ratio for the positive and negative clinical examination were 11.7 (95% CI 10--14) and 0.08 (95% CI 0.04--0.16), respectively. Regarding pelvic X-ray, a PPV and NPV of 0.97 (95% CI 0.90--0.99) and 0.99 (95% CI 0.99--1.0) were found, whereas the likelihood ratio for the positive and negative pelvic X-ray were 600 (95% CI 193--1,864) and 0.13 (95% CI 0.08--0.22), respectively. The added value of pelvic X-ray for ruling in patients with a pelvic fracture was, compared to clinical examination alone, 0.62. For ruling out patients with pelvic fractures, the added value of pelvic X-ray was 0.

Discussion {#Sec7}
==========

ATLS^®^ guidelines recommend routine performance of pelvic radiographs in blunt trauma patients, despite several drawbacks associated with obtaining them. In the present report, the literature was reviewed in a systematic manner to find out whether this is justified.

A literature search and subsequent screening using strict criteria resulted in two studies, both demonstrating higher negative predictive values for clinical examination (Table [3](#Tab3){ref-type="table"}), suggesting that pelvic radiographs have no additional value in ruling out pelvic fractures when the clinical examination is negative in alert trauma patients after blunt trauma. By contrast, when the clinical examination cannot rule out a pelvic fracture, a pelvic radiograph should be ordered to accurately determine the pelvic fracture status of the patient.Table 3ResultsAuthor of study (year of publication)Duane et al. (2008)Gonzalez et al. (2002)Pre-test probability (95% CI)^a^0.10 (0.08--0.12)\*\
0.12 (0.10--0.14)\*\*0.05 (0.04--0.05)Clinical examination Positive predictive value (95% CI)0.18 (0.16--0.23)\*0.35 (0.30--0.42) Negative predictive value (95% CI)0.99 (0.98--1.0)\*1.0 (0.99--1.0)Pelvic X-ray Positive predictive value (95% CI)0.98 (0.93--0.99)\*\*0.97 (0.90--0.99) Added value of pelvic X-ray for ruling in pelvic fractures^b^Not available0.62 Negative predictive value (95% CI)0.97 (0.96--0.98)\*\*0.99 (0.99--1.0) Added value of pelvic X-ray for ruling out pelvic fractures^b^Not available0.0Remaining uncertainty after best test for: Ruling in0.020.03 Ruling out0.010.0*CI* confidence interval\* In patients with a Glasgow Coma Scale ≥ 13\*\* In all patients^a^Pre-test probability = prevalence of pelvic fractures on CT scan^b^Difference in PPV and NPV between clinical examination alone and pelvic X-ray as well as clinical examination

The following considerations should be taken into account when interpreting these data. In the study by Duane et al. \[[@CR3]\], several methodological flaws were detected. In the study by Gonzalez et al. \[[@CR4]\], there was considerable work-up bias, i.e., the CT scan as the external reference standard was not performed in a substantial number of patients. Both studies investigated patients with a GCS \> 13. The purpose of this report was to investigate all alert patients, defined as a GCS ≥ 13. Due to the small number of studies and the reported methodological limitations, the evidence for the diagnostic accuracy of a pelvic radiograph in blunt trauma patients in addition to clinical examination is considered to be rather weak.

However, applying a stepwise triage approach for pelvic fractures in patients after blunt trauma in daily practice has several benefits. First, it will save time in emergency situations because a pelvic radiograph can be omitted in a considerable number of patients. In busy emergency departments, or in a triage scenario where multiple patients have to be evaluated simultaneously, resources are sometimes limited and any redundant step in the work-up should be avoided. Also, by adopting the proposed strategy, many patients will not be exposed unnecessarily to radiation. Although the radiation exposure per patient is low, the large number of patients makes this consideration important. The avoidance of radiographs will also save money, as demonstrated in the study by Duane et al. \[[@CR3]\]. On the other hand, there are some disadvantages. Changing a protocol requires good communication in the trauma team, as radiographs will only be needed in a select number of patients. In addition, despite the high negative predictive values, a few pelvic fractures were missed by clinical examination in both studies. These missed fractures eventually had no therapeutic consequences, and, so, turned out to be clinically insignificant. A proposed flowchart for the work-up of the group of patients under consideration in this review is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flowchart for the work-up of the pelvis in alert trauma patients

Although only two articles answered the clinical question specifically, several studies investigated the diagnostic value of clinical examination using pelvic radiographs as a reference test (and not the gold standard CT). In these studies \[[@CR5]--[@CR14]\], negative predictive values ranging from 0.58 to 1.0 were found, with six out of these ten studies demonstrating a negative predictive value of 1.0. In other words, if clinical examination is negative, pelvic fractures on radiographs will be highly unlikely, and, thus, pelvic X-ray will have no additional value. These results support the conclusion that, in the case of a negative clinical examination, a pelvic radiograph can be omitted. In case of positive examination, radiographs do have additional value in showing some false-positive clinical examination results, and, hence, can best be used as a rule-out strategy in pelvic fracture triage.

In conclusion, in alert patients following blunt trauma, negative findings on clinical examination justify the omission of standard pelvic radiographs. In this manner, the work-up of trauma patients and the application of resources can be optimized.
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